ABSTRACT To evaluate the effects of chronic lead exposure on the nervous system in adults, a set of neurobehavioural and electrophysiological tests was administered to 99 lead exposed foundry employees and 61 unexposed workers. Current and past blood lead concentrations were used to estimate the degree of lead absorption; all previous blood lead concentrations had been less than or equal to 90 /ig/100 ml. Characteristic signs (such as wrist extensor weakness) or symptoms (such as colic) of lead poisoning were not seen. Sensory conduction in the sural nerve was modestly slowed by lead exposure but conduction in the ulnar and peroneal nerves was not affected. By contrast, various neurobehavioural functions deteriorated with increasing lead burden. Workers with blood lead concentrations between 40 and 60 ,ug/100 ml showed impaired performance on tests of verbal concept formation, visual/motor performance, memory, and mood. Thus impairment in central nervous system function in lead exposed adults occurred in the absence of peripheral nervous system derangement and increased in severity with increasing lead dose.
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Although the earliest effect of systemic lead absorption is the inhibition of various enzyme systems, particularly those regulating haem synthesis' and mitochondrial respiration,2 organ dysfunction, sufficient to cause symptoms, usually first occurs in the nervous system. In the past3 lead poisoning was often associated with signs of toxic encephalopathy and overt peripheral neuropathy. As levels of exposure have fallen, lead neurotoxicity has been manifested by more subtle disturbances of affect, psychomotor function, and nerve conduction.4
Epidemiological investigations have not consistently characterised these disorders, some have shown slowing of motor nerve conduction, 5-8 others have not.9 0 Impaired psychomotor function has been reported by most groups'I'' but the degree of impairment found has varied. These inconsistencies may be attributed, in part, to limitations in study ques. All previous studies, except that of Spivey and colleagues,9 10 have been cross sectional investigations comparing a group of lead exposed workers with an unexposed referent population. In such studies the course of exposure related disorders is not directly evaluated. '5 In the present report we describe an investigation of lead exposed workers designed to evaluate the effects of chronic low level lead exposure on the nervous system. By applying a comprehensive set of neurobehavioural and neurophysiological tests to groups with varying degrees of lead absorption, we are able to explore dose response relationships in workers with chronic exposure to lead. By using both types of testing in the study, we are also able to identify the techniques most sensitive to the manifestations of subclinical lead neurotoxicity. The present paper describes the first year of a three year project.
Methods

SUBJECTS
Between May 1980 and June 1981, 106 lead exposed foundry workers were tested. They constituted 91 % of the current lead exposed production workers at the foundry: the remaining 9% either refused to participate in our study or were absent from work during the period of testing. Workers already employed in May 1980 were tested then, those hired during the following 13 months were tested soon after beginning work.
Sixty five workers in an assembly plant located adjacent to the foundry were also tested. Detailed job histories were obtained and a walk through plant survey was performed to ensure that the assembly workers were not exposed to lead or other neurotoxins. They were recruited from four work areas, employing 110 individuals, whose job duties and pay rates closely resembled those of the lead exposed workers. The unexposed workers resided in the same area as the exposed workers and most had attended the same schools. The questionnaire included detailed occupational, medical, hobby and social histories, including specific questions on alcohol intake and educational background. A physician performed the neurological examination.
Nerve conduction testing '6 was performed in a warm room using a Teca 4 electromyograph, equipped with differential amplifiers and an electronic averager. Each response was recorded using a fibreoptic graphic recorder, and response amplitudes and latencies were measured directly from the permanent record. Distances were measured with a tape measure. The skin temperature of each extremity was measured during testing using surface electrodes attached to a digital reading thermostat and was maintained at 33-36°C during testing by warming or cooling as needed. Motor responses were obtained using supramaximal stimulation. Sensory responses were elicited using 32 repetitive stimuli with responses averaged electronically and recorded. The recording electrode position was varied to ensure that sensory responses were recorded directly over the nerve being studied. The right arm and leg were studied in all individuals.
Neurobehavioural testing procedures described in greater detail previously '7 Our data confirm and extend prior reports of impaired neurobehavioural performance in workers exposed to lead. We saw limited evidence of lead related impairment of psychomotor speed and dexterity, which has been reported by others in adults We did observe effects of lead on short term memory and verbal intelligence. Our observation of mood changes in lead workers has not been related to blood lead concentrations in the manner reported here, although previous descriptions of lead toxicity27 28 have noted increased central nervous system symptomatology.
The dose response assessment performed in this study suggests significant adverse neurobehavioural effects on adults with blood lead concentrations of 
